INTRODUCTION
In neurotransmitter release and endocrine secretion, Ca 2+ -triggered vesicle fusion is preceded by a priming process whereby a vesicle SNARE (v-SNARE) protein synaptobrevin assembles with two plasma membrane target-SNARE (t-SNARE) proteins SNAP-25 and syntaxin 1A (Syn-1A) to form a complex (6, 11, 22, 31, 32) . This complex pulls the vesicle and the plasma membrane into close proximity. For this complex to form, the conformation of syntaxin changes from a closed state to an open state, and Munc18-1 and Munc13 appear to be instrumental in initiating the priming process by promoting this conformational change (5, 9, 32, 36) . When Syn-1A is in the closed state, the N-terminal H ABC domain folds back onto the Cterminal H3 domain (SNARE motif), preventing the latter from interacting with SNAP-25 and synaptobrevin; opening up of Syn-1A therefore allows SNARE complex formation ( Figure 1 ).
After exocytosis, the SNARE complex disassembles and Syn-1A resumes its closed form in complex with Munc18-1 (5, 9, 32, 36) .
SNARE proteins also play an important role in the secretory process through their regulation and modulation of ion channels. For example, the opening of voltage-dependent Ca 2+ channels (VDCC) provides a high local Ca 2+ concentration that is sensed by synaptotagmin, which by still unclear mechanisms, interacts with the SNARE complex, leading to membrane fusion (6, 22) and exocytosis (2, 7) . SNARE proteins have been found to directly modulate VDCC gating (2, 7, 17, 18) . VDCCs open upon membrane depolarization (caused by voltagegated Na + channel opening or ATP-sensitive K + (KATP) channel closure) and close upon repolarization as a result of voltage-gated K + (Kv) channel opening (12, 29, 37) . Therefore regulation of potassium channels is also important in the secretory process.
SNARE proteins also interact with Kv channels to alter their activity. For example, Kv1.1 and Kv2.1 are the dominant delayed-rectifying Kv channels in secretory cells, particularly neurons (10, 28) and neuroendorcine cells (24) . Using co-immunoprecipitation and electrophysiological experiments, we have shown that SNARE proteins interact with Kv1.1 and Kv2.1 in HEK293 cell and Xenopus oocyte expression systems (10, 16, 20, (25) (26) (27) . We also showed that wild type Syn-1A binds Kv2.1 to inhibit Kv2.1 gating (slowing of activation and decreasing steady-state availability) (20) . A constitutively open form of Syn1A generated by the induction of two mutations at the linker region (L165A, E166A) (9) was found to be more potent than the wild type (largely closed form) Syn-1A in inhibiting Kv2.1 gating (21) . This finding suggests that the Syn-1A conformational change to its open form through its interaction with Munc13-1 and Munc18-1 could induce a stronger inhibition of Kv2.1 during exocytosis (21) . This effect would serve to limit K + efflux and delay repolarization, thus optimizing Ca 2+ influx via the VDCCs and exocytosis. These reports led us to postulate that SNARE modulation of both VDCC and Kv channels acts to orchestrate cell excitability to fine tune secretion.
Intriguingly, SNARE proteins are present in the plasma membrane of not only secretory cells but also in some non-secretory cells. For example, Syn-1A is found in cardiac myocytes and gastrointestinal smooth muscle cells (14, 19) , suggesting that Syn-1A must have additional functions in addition to promotion of secretion. Using immunofluorescence confocal microscopy of circular muscle tissue sections and single freshly isolated muscle cells, we have demonstrated the presence of SNARE proteins on the plasma membrane of esophageal smooth muscle (ESM) in the feline body circular and longitudinal layers and lower esophageal sphincter (14) . Further, we showed that SNAP-25 has a dose-dependent modulatory effect on the outward potassium currents by inhibiting both Ca 2+ -activated channel currents (K Ca ) and delayed rectifier K + channel currents (Kv) in ESM (15) . Notably, an increase in the outward currents after the cleavage of endogenous SNAP-25 by botulinum neurotoxin A indicates that SNAP-25 inhibition of ESM K + channels is physiological (15).
Kv1.2 is an important delayed rectifier K + channel in a number of non-secretory cells, including vascular (1) and esophageal smooth muscle cells (35) , and cardiac myocytes (4); and is also present in certain neuronal tissues as well (34) . Kv1.2 displays gating properties distinct from those of Kv2.1, including a hyperpolarized shift in V 1/2 (voltage for half-activation) and more rapid activation kinetics (33) . The objectives of the present work were directed to assessing the interaction of Syn-1A with Kv1.2, an important Kv channel in "non-secretory" cells, by examining: 1) whether Syn-1A inhibits "non-secretory" Kv1.2; 2) whether a conformational changes of Syn-1A is required to more effectively modulate Kv1.2 gating; and 3) whether Munc 13 and Munc18-1, normally important for the conformational change to occur, are present in the "non-secretory" cell, esophageal smooth muscle.
EXPERIMENTAL METHODS

Constructs and recombinant GST-fusion proteins
The plasmid pGEX-4T-1-Syn-1A was a gift from W. were generated as described previously (8) . All constructs were verified by DNA sequencing.
GST-fusion protein expression and purification were performed according to the manufacturer's 
Tissue harvesting and preparations
Smooth muscle cells were harvested from circular smooth muscle of feline esophagus following a previously described protocol with minor modification (30) . Briefly, fasted adult cats of either sex were anesthetized with ketamine hydrochloride (Bimeda-MTC, Cambridge, Ontario, Canada) (0.15 ml/kg IM). After 5 to 10 minutes when adequately anesthetized, the cats were sacrificed by intravenous injection of an overdose of sodium pentobarbital (Bimeda-MTC, Cambridge, Ontario, Canada) (100 mg/kg) following a protocol approved by the University Health Network Animal Care Committee. The lower part of the esophagus including the gastroesophageal junction was exposed by a midline incision from upper abdomen extended to the chest, and quickly excised and placed in cold (4°C) Krebs solution oxygenated with 5% CO 2 and 95% O 2 and containing the following composition (in mM): 115.0 NaCl, 4. 
Western immunoblotting
After washing three times, the precipitated proteins immobilized on glutathione -agarose 
Electrophysiology
Electrophysiological experiments were performed as previously reported [22] . 
Statistical analysis
Data are presented as means ± SEM. Analysis of variance (ANOVA) was used to compare data among three or more groups followed by Tukey test using SigmaStat Software. A value of P<0.05 was considered to have significant difference. coexpression. This suggests that the reduction of Kv1.2 current density by wild type Syn-1A coexpression must be a direct effect of Syn-1A on the channel, and not due to inhibition of channel trafficking. It is noteworthy that the Kv1.2 protein content in the total lysates determined just before the treatment with streptavidin resin was not affected by co-expression of either Syn-1A,
RESULTS
suggesting Syn-1A did not affect total synthesis of Kv1.2 ( Figure 3B ). Figure 5A ). The GST-Syn-1A-H3 domain bound only weakly to Kv1.2 while GST-Syn-1A-H ABC did not bind at all to Kv1.2 ( Figure 5A ). Figure 5B ).
The wild type Syn-1A binding to ESM K V 1.2 prompted us to examine which Syn1A domain(s) might be mediating this physical interaction. We used GST-Syn-1A-H3 and GSTSyn-1A-H ABC (all bound to glutathione Sepharose beads) to pull down Kv1.2 from the ESM cell extract ( Figure 5B ). The GST-Syn-1A-H ABC did not bind to the ESM Kv1.2. In contrast, the GST-Syn-1A-H3 domain bound to Kv1.2, but the binding was less than that of the GST-Syn-1A-WT ( Figure 5B ). To confirm that Munc18 proteins are not expressed in the ESM, we also performed pull down assays with GST fusion proteins, followed by Western blot analysis. Using this method even minute amount of Munc18 proteins from ESM would be identified. We used GST-Syn-1A-WT, bound to glutathione agarose beads, to pull down Munc18 proteins from ESM and rat brain cell extracts ( Figure 8B and C). GST-Syn-1A-WT pulled down substantial amounts of Munc18-a and b from rat brain. However none of these Munc18 proteins were pulled down from ESM extracts by GST-Syn-1A-WT. GST alone did not bind Munc18 proteins at all.
Munc13-1 binds with high affinity to the N-terminal domain of Syn-1A, and which would displace the Munc18a, a process which facilitates the transition of Syn-1A to an open conformation (5, 9, 32, 36) . Therefore, we further looked for Munc13-1 in the ESM using both WT and open form GST-Syn-1A. GST-Syn-1A-WT and GST-Syn-1A-Open have a great affinity for Munc13 in rat brain. Nevertheless, GST-Syn-1A-WT was unable to pull down any Munc13-1 from ESM cell lysate, substantiating the absence of this protein in the smooth muscle ( Figure   8D ).
DISCUSSION
We have previously reported that Syn-1A binds to Kv2.1 C-terminus to directly inhibit channel gating and trafficking to the plasma membrane (20 however, the H3 domain did not inhibit Kv1.2 current. These results suggest that optimal inhibition of Kv1.2 by Syn-1A requires Syn-1A to be in its closed conformation, and perhaps conferred by the H3 domain (or subdomains) in the closed conformation.
Syn-1A inhibition of rat brain Kv1.1/ Kv 1.1 channel is mediated by binding to its cytoplasmic N-terminus (26) , which increased the extent of fast inactivation of this channel (10).
Based on the high homology of the N-termini of Kv1.1 and Kv1.2 (86%), wild type Syn-1A likely binds to the N-terminus of Kv1.2 to inhibit the channel. The Syn-1A effects on Kv1.1 inactivation was reversed by disrupting the Syn-1A-channel interaction by injecting the synprint peptide which competes efficiently with the binding of Syn-1A to the Kv 1.1 subunit of the channel, thereby demonstrating the significance of the endogenous protein-protein interactions (10) . In Kv1.1, Syn-1A also affected the current amplitudes in a concentration-dependent biphasic manner: at low concentration it augments current without affecting surface channel expression, while at high concentration it decreases current amplitude by reducing surface channel expression (10) . However, our results showing that Syn-1A paradoxically enhanced the trafficking of Kv1.2 to the cell surface, suggest that Syn-1A actions on these highly homologous isoforms of the Kv1 family may exhibit further differences, which would require future studies to elucidate.
In contrast to Kv1.1, Syn-1A binds to both cytoplasmic N-and C-termini of Kv2.1 and channel inhibition is transduced via the Kv2.1 C-terminus (20) . A most intriguing but speculative explanation for the distinct actions of these Syn-1A conformations on Kv1.2 and Kv2. In summary, our data demonstrate that the specific effects of Syn-1A on gating of various Kv channels can vary from one cell type to another. This report demonstrates a Syn-1A regulation of Kv1.2 gating very distinct from that of Kv2.1 previously described, suggesting the plasticity of Syn-1A modulation, one mechanism of modulation designed for secretion and another for excitability, depending on the different cell types. 
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